Europaisches Patentamt 
© QjU European Patent Office 

Office europeen des brevets 





© Publication number: 0 652 400 A1 



EUROPEAN PATENT APPLICATION 



© Application number : 94308162.0 



© Int. CI. 6 : F21P5/02 



Date of filing : 04.11.94 



@) Priority : 05.11.93 US 147496 



(S3) Date of publication of application 
10.05.95 Bulletin 95/19 



@ Designated Contracting States : 
DE ES FR GB SE 



© Applicant : VARI-UTE, INC. 
201, Regal Row 
Dallas Texas 75247 (US) 



@ Inventor : Hutton, Richard W. 
1517 Mark Street 
Irving, Texas 75061 (US) 

@ Representative : Read, Matthew Charles et al 
Venner Shipley & Co. 
20 Little Britain 
London EC1A 7DH (GB) 



© Light pattern generator and laser ablation method and apparatus for making it 



© AJjaSLE^tttelB qep«rafrnr includes a reflective 
layer a bsorptive to infra-red radiation from 
wnicn a desired , pattern, , has-been removed to 
allow passage of a liq^t beam^Tn"1fte~sRape of 
the pattern. A m ethod for making a light pattern 
generator includes forming a Ja^gr^ofreflective 
materia], on, a, t ransparent subsfr atelmTablatino 
a portion of the layer wi th "aTaser to cr eate a 
desired pattern. ~~ — 




CM 

to 



Q. 
UJ 



Jouve, 18, me Salnt-Oenis, 75001 PARIS 

NSOOOO: <EP Q6S2400A1J_> 



EP 0 652 400 A1 



BACKGROUND - FIELD OF INVENTION 

The present invention relates to stage lightin g 
equipment, particularly to projection of images by 
stage lighting equipment and to a method and appa- 
ratus for m aking a light pattern generato r on a trans- 
parent substrate for use in such equipment. 

BACKGROUND OF THE INVENTION 

A significant feature of stage lighting systems is 
the projection of images by stage lighting instru- 
ments. Images are typically formed by passing a light 
beam through a light pattern generator or "gobo" and 
projecting the image formed thereby. A typical gobo 
is made of a sheet of metal which has the desired im- 
age cut from the sheet to form an opening for shaping 
a light beam passing therethrough. A gobo therefore 
operates as a light ste ncil, blocking some portions of 
the light beam and passing other portions. A typical 
configuration for creating a pattern of light consists of 
a gobo placed in a projection gate located at a focal 
plane of a light projector having a light source, a re- 
flector which focuses light rays to the focal plane, and 
one or more lenses to project an image formed at the 
focal plane. 

Conventional gobos are limited as to the images 
that can be produced. Since all of the metal elements 
of a gobo must be supported, there must often be un- 
wanted support members included in the design. As 
an example, it is impossible to produce a complete 
ring design because support members must extend 
from the exterior to support the interior metal. 

Many conventi onal gobos are stamped out o f 
sheet me tal, which makes them very inexpensive 
when produced in large quantities. The gobos are 
mnunteH djrf^Y in the intense light beams us ed in 
jafegejighting, and can become hot enough to glow 
with a cherry red color. The intense heat produced by 
the light beam is absorbed by the metal gobo and 
causes it to soften, warp, and therefore distort the de- 
sired image. Some gobos include very thin connect- 
ing links supporting internal metal portions of the light 
stencil from the exterior portions. These thin connect- 
ing links, however, are particularly susceptible to 
damage from the heat of the beam, and under some 
circumstances can burn through completely, such 
that the image is severely distorted and the gobo de- 
stroyed. 

In an effort to produc e heat-tolerant gobos, some 
gobos have been m ade of heat resistant materi als, 
such as stainle ss steel, u sing a laser beam fri ™ lf <u. lf 
th e desired ima ge. However, even gobos made of 
these materials have a relatively short lifetime and re- 
quire f requent replacem ent Although the laser-cut- 
ting process can produce more co mplex imag es than 
c an be stam ped, these images are usually character- 
ized by a greater quantity of very thin connecting links 



and other fine details which can be destroyed in the 
intense heat of the light beam. 

Laser cutting pro cesses used to make aluminum 
gobos and stainless steel gobos utilize a carbon-diox- 

5 ide lase xjyhich has a characteristic wavelength of 
10.6 micrometers and a typical beam diameter of 12- 
15millimeters, or about one-half inch. One such proc- 
ess directs the laser beam through a mask and onto 
the blank metal gobo. The mask must be reflective to 

10 the laser wavelength (10.6 urn) and have an opening 
formed therein in the shape of the desired image. 
Gold is frequently utilized as the preferred material 
for reflecting this laser wavelength. Because gold is 
a relatively expensive material, the cost can be justi- 

15 f ied only when a relatively large number of identical 
gobos are to be manufactured. 

A s econd process d irects the laser beam through 
one or more lenses to focus the beam to a smaller di- 
ameter, and then directs the beam o nto a blank gob o 

20 which is mount ed on a mova ble su pport tab le. The 
support table is movable in two axes and is controlled 
to move the blank gobo so that the laser beam cuts 
the desired image. This process is more economical 
than the mask process described above if relatively 

25 few gobos are to be manufactured, but the process is 
still relatively slow. Lenses which are suitable for 
transmitting and focusing the 10.6 micrometer laser 
beam are made of exotic and expensive materials, 
such as: zinc selenide (ZnSe), which is transparent to 

30 most visible light but is yellow in colon or gallium ar- 
senide (GaAs) or germanium (Ge), which are opaque 
to visible light 

Regardless of which laser cutting process is 
u sed, the resultant metal gobo in a N^uJ^tesjmples^ 

35 designs includes unwanted connecting links support- 
ing interior details of the metal pattern. Metal gobos 
also require a certain minimum thickness, depending 
upon the particular metal used, in order to survive the 
intense heat of a high-powered entertainment lighting 

40 instrument. The thickness of the gobo limits the crisp- 
ness of the projected image, because it is easier to fo- 
cus an image formed by a thin gobo than it is to focus 
an image formed by a thick gobo. Further, metal go- 
bos require a corresponding minimum width of corv 

45 necting links and other details so as to provide suffi- 
cient material strength to support itself, which limits 
the resolution of fine details obtainable with either 
stamped or laser-cut metal gobos. 

N eodymiumryttriurn-aluminum-garnet (NdrYA G) 

50 lasersThiyina, a characteristicwavelength of 1 .06 mi- 
"crometers Tand a typical beam diameter of 0.001 inch 
or smaller, can cut any metal thalcan be cut with a 
carbon-dioxide laser, but at a significantly slower 
sT5el£ff!l ! Ja^ are seldom used with nonmetal 

55 materials because of low absorption rates of such ma- 
terials for the energy at 1.06 micrometers. Nd:YAG 
lasers are used to some advantage for processing 
metals inside glass or quartz enclosures with no harm 
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to the window. 

More recent gobos have been fabricated as a lay- 
er of light reflective material, such as aluminu m, 
bonded to a surface of a transparent plate such as 
heat resistant glass. The light reflective layer has an 5 
opening which is in the shape of the image. A portion 
of the light beam passes through the opening to pro- 
duce a beam having the shape of the image. The re- 
flective layer serves to reflect a portion of the light 
beam which does not pass through the opening. 10 
Glass gobos of this type are very resistant to the in- 
tense heat of entertainment lighting beams, and pro- 
duce images devoid of unwanted support members or 
connecting links, all portions of the reflective layer be- 
ing supported by the transparent substrate. Glass g o- is 
bos are manufactured by a relatively expensiv e and 
tim e-consum ing process, which is described in U.S. 
Patent No. 4,779,176. 

As described in the above noted patent, a layer 
of positive photo resist materia! is deposited in the 20 
shape of a desired image onto a large, thin sheet of 
transparent glass. A thin layer ofaJuminu m then is de- 
p osited Dyer the_g|ass^nd T the photo resist layer. A 
multi-layerj^etfjic coating deposited over the alu- 
minum layer forms a "black mirror 0 , which is a non-re- 25 
flecth/e surface that absorbs visible light The glass 
sheet and the various coatings are then exposed to 
acetone which dissolves the photo resist and lifts all 
the layers of material immed latel y overj he photo re- 
sist wh ile havi ng no i effecton the glass. The acetone 30 
etch process produces an opening through the de- 
posited layers which is in the shape of the desired im- 
age. The. process can be used to produce a plurality 
of glass gobos on a single sheet, which is then scribed 
and broken to separate the individual gobos. 35 

The process described above requires a photo 
mask having the desir e^TOge^ omied therein to fa- 
c^Ttale^rpbsitibn of triiSboJgjesist layer, and signif- 
icanUea^times for the manufacture of finisfted go- 
bos, thereby making the process more suitable for 40 
production of relatively large numbers of gobos than 
for smaller, "made-to-order* production. Although fo- 
cused-beam carbon-dioxide lasers can be used as 
described to achieve economic production of laser- 
cut metal gobos in small quantities, no comparable 45 
method of using laser beams on glass gobos has 
heretofore been employed, because the wavelength 
of carbon-dioxide lasers is readily absorbed by mate- 
rials transparent to visible light and will etch, crack, or 
otherwise destroy a transparent substrate. so 

SUMMARY OF THE INVENTION 

One aspect of the present invention comprises a 
light pattern gej rer^Qr^^^ in a 55 

Jlght iie am The generator includes a transparent 
plate for placement in the lig ht beam. Alightrefiective 
l ayer is bonded to a surface of the pl ate with the re- 
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flective layer having an opening which is in the shape 
of the image. In a preferred embodiment, the reflec- 
tive layer is characterized in that the layer is highly re- 
flective to visible light and is absorptive of cenain wa- 
velengths of near infra-red radiation, in the range of 
850 to 2000 nm. A portion of the light beam. passes 
through the opening in the reflective layer to produce 
a beam having the shape of the opening. The reflec- 
tive layer serves to reflect a portion of the light beam 
which does not pass through the opening. 

Another aspect of the present invention compris- 
es an apparatus for making a light pattern gene rator. 
The apparatus includes a general purpose computer, 
a laser marking syste m, and a movable support table. 
The general purpose computer serves as a host com- 
puter interface to the laser marking system. The mov- 
able support mechanism se quentia lly places one of a 
pluralityofblankjjpjra in position for the laser mark- 
ing system to inscribe imaj3es_upQrL then| L The laser 
marking system writes a n image onto a tr ansp arent 
plate having a reflectiv e layer bojd edjmereto, the im- 
age being dependent upon digital computer data se- 
lected at the host computer interface and loaded into 
a control unit of the laser marking system. Thejaser 
beam has a very narigwAeam diameter and a char- 
acteristic wavelength in th e near infra-red reg ion. The 
reflective layer of the blank gobo is absorptive to the 
energy of the laser beam and is ablated away from the 
transparent plate leaving an opening in the shape of 
the desired image. 

Another aspect of the present invention compris- 
es a method for making a light pattern generator. The 
method includes the steps of: bonding to a transpar- 
ent plate a layer of reflective material which reflects 
visible light and absorbs certain wavelengths of near 
infra-red radiation; generating a laser beam having a 
very small beam diameter at a certain infra-red wa- 
velength; directing the laser beam onto the transpar- 
ent plate; steering the laser beam across a surface of 
the transparent plate; allowing the energy of the 
beam to ablate reflective material from certain areas 
of the reflective layer; and switching the laser beam 
on and off to control which areas of the reflective lay- 
er are affected by the laser beam. 

Afurther aspect of the invention comprises a col- 
or light pattern generator, and Includes a transparent 
plate having a layer of infra-red absorbing material 
thereon, with a layer of dichroic filter material applied 
over the absorbing layer. An infra-red laser beam is 
used to ablate certain areas of the absorbing layer 
and the filter material above to create an opening in 
the shape of a desired image within a field of color fil- 
ter material. 

Another aspect of the present invention compris- 
es a multiple-color light pattern generator having plu- 
ral dichroic filter layers separated by infra-red ab- 
sorbing layers on one or both sides of a transparent 
substrate. An infra-red laser beam is used to ablate 
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one or more absorbing layers and the filter material 
above to create openings of different shapes in dif- 
ferent layers. A multiple-color light pattern generator 
projects an image in two or more colors without re- 
quiring the use of separate color filtering devices. s 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 1s a sectional view of a blank light pattern 
generator according to a first aspect of the pres- 10 
ent invention; 

Figure 2 shows the output spectral response 
curve of an aluminum coati ng: 
Figure 3 is a block diagram of a laser marking sys- 
tem according to a second aspect of the present is 
invention; 

Figures 4 and 5 are block diagrams of the system 
of Figure 3 showing the marking components in 
detail; 

Figure 6 is a sectional view of a light pattern gen- 20 
erator illusjmtina Jaser ablatio n of reflective ma- 
terial according to a third aspect of the invention; 
Figures 7 A, 7B and 7C are plan views of light pat- 
tern generators showing typical vector-scan im- 
ages; 25 
Figures 8A, 8B and 8C are plan views of light pat- 
tern generators showing typical raster-scan im- 
ages; 

Figure 9 is a sectional view of a one-color light 
pattern generator; 30 
Figure 1 0A is a sectional view of a two-color light 
pattern generator; 

Figure 1 0B is sectional view of laser ablation of a 
two-color light pattern generator in accordance 
with the invention; 35 
Figure 11 A is a sectional view of a three-color 
light pattern generator; 

Figure 11 B is a sectional view of the production 
of a three-color light pattern generator in accor- 
dance with the invention; 40 
Figure 12A is a sectional view of a cold-mirror 
light pattern generator 

Figure 12B shows laser ablation of the cold- 
mirror light pattern generator of Figure 12A; and 
Figure 13 shows a light pattern generator for gen- 45 
erating a colored light pattern on a black back- 
ground. 

DETAILED DESCRIPTION 

SO 

Referring now to Figure 1, there is illustrated a 
blank light pattern generator 10 which can be used to 
make a finished light pattern generator, or gobo, suit- 
able for entertainment lighting applications. The blank 
light pattern generator includes a transparent plate 12 55 
having a reflective coating 14 bonded to one surface. 
The coating includes a layered stack of enhanced ajjbb 
minum bonded to a surface 11 of the plate 10. The re- 



flective layer 14 reflects visible light in the 400 to 700 
nanometer (nm) range and absorbs near infrared ra- 
diation in the range of 850 nm to 2 micrometers (urn), 
as shown in the graph of reflectance versus wave- 
length in Figure 2. The reflecting and absorbing rang- 
es can be varied, however, without departing from the 
scope of the invention. The transparent plate is pre - 
ferably made of glass hayjng_aJow coeff jcientof the r- 
mal expansion, such as 7059 glass made by Corning, 
Inc. of Corning, New York, or Tempax glass made by 
Schott Glasswerke of Mainz, Germany, but may a lso 
be made of a clear plastic ma t erial for low-heat appli- 
cations. The reflec th ^ejaye r 14, d esigned to be ablat- 
ed away from t he tra ns parent plate by the app lication 
of a n ajTOW- di^ operating in th enear 

i nfra-red ran ge, is therefore absorptive of radiation at 
that wavelength while being highly reflective of visible 
light. 

In a preferred embodiment, reflective layer 14 is 
preferably a four-layer stack of enhanced aluminum 
bonded by a vacuum-deposition process to produce 
a coating that is very reflective of visible light, absorp- 
tive of i nfra-redjradiation at 1.06 micrometer s, and yet 
is stable at high temperatures. A reflective layer of 
chrome may also be utilized to obtain good reflectivity 
to visible light, absorption near infra-red radiation, 
and stability at low to medium temperatures. A reflec- 
tive layer of Inconel may be utilized to obtain fair re- 
flectivity to visible light, although the material is not 
very opaque. Inconel ablates well, but is stable only 
at relatively low temperatures. Dielectric cold mirrors 
have good reflectivity, and can be used to make multi- 
color gobos. 

Referring now to Figures 3, 4 and 5, a laser ma rk- 
ing system 20 i ncludes a laser head 22, a deflection 
mirror assembly 24, a control unit 26 having a separ- 
able control panel unit 27, and a water supply unit 28. 
A laser marking system of this type is shown in more 
detail in Figures 4 and 5. The laser head 22, having 
deflection mirror assembly 24 mounted at one end 
thereof, is supported by a work table 30. A movable 
support mechanism 32 is mounted to one end of work 
table 30 in the proximity of deflection mirror assembly 
24. The support mechanism 32 is surrounded by a 
protective enclosure 34. The enclosure 34 includes 
an access door 35 and a protective window 36. The 
access door is connected to a safety interlock net- 
work which douses the laser beam when the door is 
opened. The protective window provides a safe way 
to visually monitor the laser marking operation within 
the enclosure. 

A general purpose computer 38 connects to the 
control unit 26, and provides a source of digital com- 
puter data for controlling the laser marking operation. 
A serial data port on computer 38 connects to a serial 
data port on control unit 26 for transmitting image 
control files from the computer to the control unit. A 
suitable program running on the computer converts 
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digital data files representing desired images into im- 
age control files that conform to the requirements of 
the laser marking system. Images can be designed on 
the computer and the image files converted for use 
with the laser marking system, or images created on 
other computers elsewhere can be loaded into the 
computer 38 via a network or floppy disk drive and 
then converted. Alternatively, the control unit 26 in- 
cludes a floppy disk drive for loading and/or saving 
properly converted image control files. 

Support mechanism 32 includes a rotary indexer 
40 which is operable to rotate a primary surface 42 
through an arc of 90 degrees. A stepper motor 44 is 
mounted perpendicularly to the primary surface. The 
stepper motor includes a shaft 45 which extends be- 
yond the housing of the motor. In operation, a plurality 
of blank gobos are mounted around the periphery of 
a wheel 46. The gobo wheel 46 is mounted on the end 
of shaft 45. The primary surface 42 is positioned hor- 
izontally so that one of the plurality of blank gobos 10 
is placed in a position at which the laser beam gener- 
ated by laser head 22 can be scanned across the sur- 
face of the blank gobo by the action of deflection mir- 
ror assembly 24. The system writes the image upon 
the blank gobo by a process to be described in detail 
hereinafter, and the stepper motor is energized by the 
control unit to rotate another blank gobo into position 
for writing another image thereupon. 

To initiate the process, image control files are 
loaded into the control unit, and an operator manipu- 
lates control devices provided on control panel 27. 
Thereafter the laser marking system inscribes im- 
ages upon blank gobos mounted on the gobo wheel, 
one at a time in sequence. The sequence can be con- 
trolled to write images on every blank gobo mounted 
on the wheel. Alternatively, the sequence can be con- 
trolled to write images on selected gobos mounted on 
the wheel. The sequence can be controlled to write a 
different image on each blank gobo mounted on the 
wheel. Alternatively, the same image can be written 
on more than one or all of the gobos mounted on the 
wheel. 

After the images have be en written on the gobos, 
the rotary indexer 40 is rotated through 90 degrees, 
as shown in Figure 5, to present the edge of the gobo 
wh eel to the laser b eam. The iri ajking system then 
writes jn identifying bar code, on.^edq ^ ofeac h of 
the^urMty^LgobQ^ to 
present each gobo in sequence to the laser beam. 

At the conclusion of the process, an operator 
opens the access door and removes the gobo wheel 
from the motor shaft The operator may then install a 
new wheel having blank gobos mounted thereupon 
and repeat the process using the same or a different 
sequence. 

Referring now to Figure 6, The laser head 22 in- 
cludes a Q-switched. Neodymium:Yttrium-Alumi- 
num-Garnet (Nd:YAG) industrial laser unit which gen- 



erates a laser beam having a wavelength in the near 
infra-red range, specifically at 1.06 micrometers and 
a beam diameter of 0.001 inch. The Nd:YAG laser is 
selected over other lasers because glass and plastic 
5 are transparent to the 1.06 um wavelength, and be- 
cause the beam diameter is quite small. Some 
Nd:YAG lasers require additional lenses to increase 
the beam diameter to 0.001 inches. In contrast, the 
carboj-dioxide (CQ2) laser widely utilized for th e las- 

10 er marking of metals has a wavelength of 10.6 um at 
the far end of the mid infra-red range, and a beam di- 
ameter of about one half inch. The carbon-dioxide las- 
er at 1 0.6 u m will etch or destroy glass or plastic, mak- 
ing the transparent substrate unsu i table for image 

15 projection. The half-inch diameter beam requires us- 
ing a mask to block portions of the laser beam, the 
manufacture of said mask presenting the same prob- 
lems which the present invention overcomes. 

The Nd:Y AG laser unit 22 includes a ^swj tc h 

20 1 46 tomodulate the intensity of the laser between an 
ON state and an OFF state. The power of the beam 
in the ON state is determined by the laser power sup- 
ply located within and controlled by the control unit 
26. The Q-switch 146, a crystal in the laser cavity and 

25 is used to rapidly change the Q figure of an optical 
. resonator such as a laser beam. The Q-switch crystal 
1 46 is located between a lasing rod 140 and a primary 
mirror 144. A secondary mirror 142 is located near an 
exit aperture 148 of the laser unit 22. Under normal 

30 operation, the laser rod 140 is energized and light 
rays travel the length of the rod resonating between 
mirrors 142 and 144 to form a beam 150 of coherent 
light having a characteristic wavelength. When the 
crystal 146 is energized by high frequency electrical 

35 current in the radio frequency range, the laser beam 
1 50 is deflected from its normal path towards primary 
mirror 144, and the beam is effectively extinguished 
to achieve an OFF state. When the crystal is de- 
energized, the laser beam is restored to normal ON 

40 state operation. The beam 1 50 exits the laser unit 22 
and travels to X-Y deflection mirrors 152 and 154 
contained within deflection mirror assembly 24. The 
beam 150 is directed by mirrors 152 and 154 through 
a flat field lens 55 and towards a blank gobo 10. The 

45 beam 150 passes harmlessly through transparent 
substrate 12 and burns away portions of reflective 
coating 14. Mirrors 152 and 154 steer the beam 150 
across the blank gobo 10 ablating the reflective coat- 
ing 14 in certain places to form an opening in the 

so shape of a desired image. The ON-OFF state of the 
laser unit 22 is modulated by the action of the Q- 
switch 146 to control which areas of the reflective 
coating are ablated by the beam. 

Other suitable lasers include NdrYLF at 1.047 to 

55 1 .053 um, Nd:Glass at 1.06 um, Nd:YAP at 1.08 um, 
Ho:YLF at 2.06 um, Ho:YAG at 2.1 um, and Tm:YAG 
at 2.02 um. The Nd:YAG laser is chosen for its avail- 
ability as well as its physical properties, the Nd:YAG 
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laser being very popular for cutting metals. 

Images are written to the blank gobos by the laser 
ablation method described above utilizing one of two 
scanning techniques. A vector-scan technique draws 
the outlines of an image first, and then f ills-in the sol- 
id areas of the image. The outlines and solid areas be- 
come the opening in the shape of the desired image 
as the laser beam burns away reflective coating 
wherever the beam hits. Typical vector-scan images 
are shown in Figure 7A, 7B, and 7C. Figure 7A illus- 
trates fairly detailed image. Figure 7B shows a com- 
plete ring pattern devoid of any connecting links 
which are characteristic of prior art metal gobos. Fig- 
ure 7C shows a circle superimposed upon a grid. Vec- 
tor-scan images can be drawn on a blank gobo in 2 
to 15 seconds, depending upon the complexity of the 
image. 

A raster-scan technique scans the entire surface 
of the blank gobo one line at a time, modulating the 
ON-OFF state of the laser unit to ablate certain areas 
of the reflective layer to create a "pixellated" or "bit- 
mapped" image. Photographs can be reproduced as 
glass gobos utilizing the raster-scan technique. Typ- 
ical raster-scan images are shown in Figure 8A and 
8B. Figure 8A shows the likeness of a person. Figure 
8B shows a representation of an architectural struc- 
ture. The laser marking system can be programmed 
to skip certain areas of the blank gobo where no im- 
age opening is to be written, thereby shortening the 
processing time by not scanning large areas where 
the beam would be turned off. Therefore, raster scan 
images can be written on a blank gobo in one to two 
minutes depending on the complexity of the image. 

The X-Y deflection mirrors 1 52, 1 54 utilized in the 
laser marking system are much smaller and lighter 
than the X-Y table used with focused beam carbon- 
dioxide laser cutting machines, and are therefore 
much faster and capable of drawing an image in much 
less time. Galvanometers used to move such X-Y 
scanning mirrors typically move at 0.000025" per 
step, and yet are driven so quickly that no stepping 
motion is perceived; rather, a smooth, fast laser writ- 
ing operation is achieved with very high accuracy and 
precision. 

In another aspect of the present invention, there 
is shown in Figure 9 a blank color gobo 60, comprising 
a transparent plate 12 having a multi-layer dielectric 
coating of dichroic filter material 62 deposited there- 
upon. Oichroic filters work on an interference princi- 
ple essentially separating two colors out of a white 
light source, one color being tranmitted and the other 
color, the complement of that being transmitted, be- 
ing reflected. The color transmitted through the di- 
chroic filter depends upon the types of materials used 
in the filter layers and their refractive indices, the 
thickness of each layer, the number of layers, and the 
angle of incidence of white light striking the filter. Di- 
chroic filters of this type are used in a color wheel as- 
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sembly for lighting equipment as described in U.S. 
Patent No. 4,800,474, which is incorporated herein by 
reference. 

Blank color gobos such as 60 can be mounted 
5 about the periphery of a wheel 46 (FIG. 5) and loaded 
into a laser marking system 20. Utilizing the procass 
described above, a laser beam 150 writes an image 
onto the blank color gobo, burning away the dichroic 
filter coating so that an opening having the shape of 
10 a desired image is formed in the coating 62. 

Figure 10A shows a blank, two-color gobo 70 
comprising a transparent plate 12, a first dichroic fil- 
ter coating 62, a layer of visibly transparent oxide 64, 
and a second dichroic filter coating 66. Coatings 62 
15 and 66 have different characteristics such that each 
coating transmits a different color than the other 
coating. The transparent oxide layer 64 is designed to 
be transparent to visible light and yet absorptive of 
near infra-red radiation. Blank, two-color gobos can 
20 be mounted about the periphery of a wheel 46 and 
loaded into a laser marking system 20. Utilizing the 
process described above, a laser unit 22 generates a 
low-power laser beam 150 and writes an image onto 
the blank, two-color gobo, burning away the filter lay- 
25 er 66 and absorbing in the oxide layer 64, so that an 
opening having the shape of a desired image is 
formed in the coating 66. Coating 62 remains intact, 
coloring the image. A two-color gobo is formed there- 
by such that the desired image is projected having a 
30 certain color which is dependent upon the character- 
istics of coating 62, and appears within afield of back- 
ground color which is dependent upon the character- 
istics of both coatings 62 and 64. 

Figure 11 A shows a blank, three-color gobo 70 
35 comprising a transparent plate 12, a first layer of 
transparent oxide 61 such as Indium Tin Oxide (ITO), 
which is transparent to visible light and yet absorbs 
energy in the near infra-red region, deposited on a 
first surface of the plate, a first dichroic filter coating 
40 62 deposited over the first layer of transparent oxide, 
a second oxide layer 64 deposited over coating 62, a 
second filter coating 66 deposited over oxide layer 
64, a third oxide layer 63 deposited upon a second 
surface of the plate 12, the second surface being op- 
45 posite the first surface, and a third dichroic filter cost- 
ing 68 deposited over the oxide layer 63. Blank, three- 
color gobos can be mounted about the periphery cv a 
wheel 46 and loaded into a laser marking system 20. 
Utilizing the process described above, a laser unit 22 
so generates a low-power laser beam 1 50 and writes an 
image onto the blank, three-color gobo, burning away 
only the filter layer 66, so that an opening having the 
shape of a desired image is formed in the coating 66. 
The oxide layer 64 is provided to block the laser beam 
55 from burning away filter layer 62, absorbing tha en- 
ergy thereof before it reaches the layer 62. Coating 52 
can remain intact in places, coloring the image, or 
may be burned away in places so that coating 68 col- 
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ors the image. The wheel may be turned over so that 
laser beam 150 writes an image onto the other sur- 
face of the gobo, burning away the coating 68 in se- 
lected place to allow the colors formed by coatings 62 
and 66 to be transmitted. In other places, coating 68 
remains intact, and may cooperate with either coating 
62 or coating 66 to color the image. A three-color gobo 
is formed thereby such that the desired image is pro- 
jected having certain colors which are dependent 
upon the characteristics of coatings 62, 66, and 68. 

Figure 12A shows a blank, cold-mirror gobo com- 
prising a transparent plate 12 having multi-layer di- 
electric coatings 91, 92, 93, and 94 deposited there- 
upon. A cold-mirror reflects all wavelengths of visible 
light As described above, a very low-power laser 
beam writes an image onto the gobo using multiple 
passes, burning away one or more of the cdd-mirror 
layers to allow light rays of selected wavelengths to 
pass through. The colors of the resulting image de- 
pend upon the characteristics of the coatings and the 
extent to which the coatings are burned away. 

In a further embodiment of the invention, a light 
pattern generator can generate a color image on a 
black background. Such a light pattern generator is 
shown in cross-section in Figure 13. Such a light pat- 
tern generator has a reflective layer 202 on one side 
of a transparent substrate 200, backed by a transpar- 
ent oxide layer 204, and has a color filter layer 206 on 
the other side. 

To produce such a light pattern generator, an 
opening is burned through layer 204 with a laser in the 
manner previously described, the laser being stopped 
by layer 202. The resulting opening thus provides a 
colored light stencil on a black background. 

Although several embodiments of the invention 
have been illustrated and described, it will be under- 
stood that the invention is n ot limited to„the.em bodi- 
mgnta discjoseA but is capable of numerous rear- 
rangements, modifications and substitutions without 
| departing from the scope of the invention. 



Claims 

1- Alight pattern generator comprising: 
a transparent plate; 

a layer bonded to said plate, said layer be- 
ing reflective to visible light and absorptive to 
near infrared radiation, and said layer having an 
opening in the shape of an image, whereby said 
pattern generator passes a portion of a light 
beam directed toward said generator through the 
opening in the reflective layer to produce a beam 
having the shape of the opening and reflecting a 
portion of the light beam which does not pass 
through the opening. 

2. Apparatus for making a light pattern generator, 



comprising: 

a computer for creating digital data com- 
mands for trading a desired image on a transpar- 
ent plate; 

5 a laser controllable by said commands for 

producing a laser beam having a characteristic 
wavelength in the near infrared region 

a support located In the path of said beam 
for carrying a transparent plate having a layer 

w bonded thereto, from which a pattern is formed 

with said beam. 

3. The apparatus according to claim 2, wherein said 
support is movable and an support a plurality of 

15 transparent plates, said movable support se- 

quentially moving said transparent plates into the 
path of said beam to form a pattern on each. 

4. The apparatus according to claim 2 wherein said 
20 laser beam has a narrow diameter. 

5. The apparatus according to claim 2, wherein the 
layer is absorptive of the energy of the laser and 
reflective to light in the visible spectrum. 

25 

6. A method of making a light pattern generator, 
comprising the steps of: 

bonding to a transparent plate a layer of re- 
flective material reflective to visible light and ab- 
30 sorptive of light of certain near- infra-red wave- 

lengths; 

directing a laser beam onto the transpar- 
ent plate; and 

steering the laser beam across the surface 
35 of the transparent plate to ablate reflective mate- 

rial from selected areas on the transparent plate. 

7. A method of making a colored light pattern gen- 
erator, comprising the steps of: 

40 applying a layer of infra-red absorbing ma- 

terial to a transparent substrate; 

applying a layer of dichroic filter material to 
the absorbing layer; 

ablating selected areas of the absorbing 
45 and filter materials with an infra-red laser beam 

to create an opening of desired shape. 

8. The method of claim 7 further comprising apply- 
ing a second infra-red absorbing layer on said di- 

50 chroic filter layer and applying a second layer of 

dichroic filter material to said second layer of in- 
fra-red absorbing material; and 

ablating selected areas of said second ab- 
sorbing and filter materials with an infra-red laser 

55 beam 

9. A color light pattern generator, comprising: 

a transparent plate; 
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a layer of infra-red absorbing material on 
a surface of said transparent plate; 

a layer of dichroic filter material on said in- 
fra-red absorbing material, said layers of absorb- 
ing and filter material having an opening therein 5 
of a desired shape to allow generation of a pat- 
tern corresponding to said opening in a field of 
color from a beam of light. 

10. The color lightpattern generator of claim 9, fur- io 
ther comprising: 

a second infra-red absorbing layer on said 
dichroic filter layer; and 

a second dichroic filter layer on said infra- 
red absorbing layer, said second absorbing and 15 
filter layers having a second opening therein. 

11. The color light pattern generator of claim 10, fur- 
ther comprising: 

a third infra- red absorbing layer on an- 20 
other surface of said transparent plate; and 

a third dichroic filter layer on said third in- 
fra-red absorbing layer, said third absorbing and 
filter layers having a third opening therein. 

25 

12. A color light pattern generator, comprising: 

a transparent plate; and 

a first layer of dichroic filter material on a 
surface of said transparent plate, said layer hav- 
ing an opening therein in the shape of a designed 20 
image within a field of color filter material. 

13. The color pattern generator according to claim 
12, further comprising a second layer of dichroic 
filter applied said first layer 35 
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